taneous transfemoral technique. Radiology 89: [815][816][817][818][819][820][821][822][823][824] 1967 5 Ziegler EE: Infectious mononucleosis: Report of a fatal case with autopsy. Arch Path 37: 196-201, 1944 6 Custer RP, Smith EB: The pathology of infectious mononucleosis. Increased systemic blood pressure after the administration of digitalis glycosides has been described both in clinical and experimental studies carried out under anesthesia. In awake and conscious man, digitaliiinduced hypertension has been reported only rarely. However, hypertension occurs more often in conscious man in the presence of cardiovascular disease. To draw attcntion to the possibility of undesirable and even life-threatening complications, a patient is reported who developed accelerated hypertension and a stroke after the administration of ouabain. The possible mechanisms and therapy of digitalis-induced hypertension are discussed.
T he purpose of this presentation is to draw attention to the hypertensive effect of digitalis in patients with cardiovascular disease, to discuss its possible mecha-
For editorial comment, see page 2
nisms and therapy and to report a patient who developed a stroke associated with acute exacerbation of hypertension after administration of ouabain.
A 57-year-old Negro man was admitted for evaluation and treatment of chronic congestive heart failure in September, 1963. This was his twelfth admission to Boston City Hospital. The patient had known hypertension for 32 years, hut remained asymptomatic until 1957, when he was admitted for mugh and dyspnea on exertion of one month's duration. The blood pressure was 210/120 mm Hg, and pretihial edema was present. Circulation time of 25 seconds and venous pressure of 21 cm of water verified moderately severe congestive cardiac failure, which regressed on anticongestive therapy. The blood pressure decreased to 140/100 mm Hg with bed rest. The electrocardiogram suggested combined atrial enlargement. A phentolamine (Regitine) test was negative, and an intravenous pyelogram was normal. Digitalis leaf, 0.1 gm per day, was prescribed at the time of discharge.
In 1961, the patient was admitted with right hemiparesis; he recovered in 48 hours. A differential kidney function test (Howard) and renal arteriogram were within normal limits.
In July of 1962, atrial fibrillation was noted for the first time, and this arrhythmia was converted to sinus rhythm with qr~inidine. Five months later he was admitted for treatment of hypertension and congestive heart failure. A right lumbosacral sympathectomy was performed, as well as a transurethral resection of the prostate.
In April 1963, he was admitted with left hemiparesis and aphasia, in congestive heart failure with anasarca. The blood pressure was 220/110 mm Hg. The electrocardiogram showed atrial fibrillation and left ventricular hypertrophy. Chest roentgenograms showed a large left ventricle, a tortuous, dilated aorta and pulmonary congestion. On a low sodium diet, digitalis, and chlorothiazide, the patient did well and recovered almost completely from the hemiparesis. The blood pressure fell to 180/100 in the hospital.
The subsequent failure of the medical treatment of this patient's hypertension-which generally could be controlletl in the hospital-was attributed to his inability to adhere to the prescribed medications. Prior to the present admission, he again developed orthopnea and pedal edema.
Examination revealed an obese man with orthopnea. The blood pressure was 200/120 and 180/120 mm Hg, standing and supine, respectively. The heart was irregularly irregular at 100-110 beats/niin. The neck veins were distended and pulsatile. The fi~ndi showed arteriolar narrowing without exudate or hemorrhage. The thyroid gland was enlarged without bruit. The lungs were clear. The heart was enlarged, and the apex beat was diffuse. A grade 3/6 blowing, systolic murmur was heard at the lower left sternal border and apex. A gratle 2/6 systolic ejection murmur was audible at the base and left parasternal area. The secwnd heart sound was eqt~al-ly loud in the aortic and in the pulmonic area. The liver was enlarged 4 inches below the right costal margin and tender. There was 3 to 4+ pitting edema up to the knees.
On low sodinm diet, chlorothiazide 500 nig twice daily, and occayional mercurial diuretic injection, the patient i~n -proved steadily and recovered from overt congestive hezrrt failure without clinical residua. Three weeks after admission, KUMAR, YANKOPOULOS, ABELMANN cardiac catheterization was performed for hemodynamic evaluation and to nlle out significant aortic stenosis. Informed consent to a study of the effects of ouabain had been obtained. The blood pressure before catheterization was 160/105 mm Hg. Under local anesthesia and without sedation, a No 8 Cournand catheter was inserted into the left was that of biventricular low output failure, associated with systemic and pulmonary hypertension. Following administration of ouabain, cardiac output did not change, but aortic pressure increased steadily, indicative of progressive peripheral vasoconstriction. Heart rate decreased, but right atrial pressure did not change. The inotropic response to ouabain was indeterminate. ' Acute left hemiparesis and aphasia could be caused by either cerebral embolization, thrombosis, or hemorrhage. In the absence of congenital heart disease, mitral valvular disease, myocardial infarction, or cardiomyopathy, intracardiac thrombosis as a source of cerebral embolization is unlikely. The size of the lesion, as well as its recurrent nature, also argue against embolization. It should be noted that com~lications of cardiac catheterization involving the central nervous system are relatively rare.2 Among 12,367 procedures, only 24 such complications were observed. Of these, only two had arteriasclerotic heart disease. Focal cerebral dysfunction was noted in only 13 patients and, with one exception, cleared u p within a few days. Thus, the clinical recurrence of left hemiparesis and aphasia was most likely related to the ouabain-induced hypertension, even though this may not have represented a new anatomic lesion.
T h e hypertensive effect of digitalis glycosides has been known for some time. Digitalis-induced increase in blood pressure has been observed frequently in anesthetized animals"5 and man. However, in awake animals7." and in conscious, healthy man, this hypertensive effect of digitalis has not been observed as readily."'".13 On the other hand, the hypertensive effect of digitalis glycosides has often been noted in antecubital vein. A second catheter was inserted into the right femoral artery by the Seldinger technique and advanced to the left ventricle. After measurements of control pressure and cardiac output, 0.75 mg of ouabain was given intravenor~sly over three minutes. Hemodynamic data are presented in Table 1 . Hemodynamic measurements were made using methods described in a previor~s communication from this laboratory,l in which this patient constituted Case 22. There was no systolic pressure gradient across the aortic valve.
Measurements were made 10 and 20 minutes after administration of ouabain. Approximately 23 minutes after ouabain administration, the patient became suddenly aphasic and left hemiparesis was observed. By this time, the blood pressure had increased significantly, but other vital signs were unaltered. Blood pressure continued to increase, and mean aortic pressure was 190 mm Hg one hour after ouabain ( Table 1 ) .
In view of the previous episodes of hemiparesis, neurologists advised against carotid angiogram. A lumbar puncture revealed clear fluid and a pressure of 22 cm of saline. Three hours after ouabain, the blood pressure was 230/150 mm Hg. Reserpine 5 mg IM was given in two doses. Eleven hours after ouabain, the blood pressure was 210/120 mm Hg. Thirty-four hours after ouabain the patient was found gasping and died, notwithstanding resuscitation measures. Permission for autopsy was refused.
T h e patient reported had hypertensive cardiovascular and cerebrovascular disease. The hemodynamic pattern clinical and experimental studies in the presence of heart T h e fact that the pressor effect is rapid and generally precedes any increase in cardiac output, as well as its magnitude suggest that blood pressure rises largely as a result of an increase in peripheral vascular resistance. This is borne out by studies during cardiopulmonary bypass a t constant perfusion rates: a significant increase in arterial pressure has been observed in man" as well as in the dog."n the latter, digitalis-induced vasoconstriction was not abolished by ganglion blockade with hexamethonium or by adrenalectomy, suggesting a direct action of digitalis upon arteriolar smooth muscle. Mason and B r a u n w a l d , ' b y means of plethysmographic studies, confirmed such direct peripheral action of digitalis in conscious, healthy man: the ouabain-induced increase in vascular resistance of the forearm was not prevented by pretreatment with the adrenergic blocking agent guanethidine. In patients with congestive heart failure and already increased peripheral resistance, ouabain was followed by a decrease in forearm vascular resistance.
Recent studies in this l a b~r a t o r y~. ' .~~ have shed further light upon the mechanism of the peripheral vasoconstrictor effect of digitalis glycosides and suggest a pathway by which this effect may be modulated. In conscious, awake dogs, acetyl strophanthidin induced vasoconstriction and increased arterial blood pressure only after cholinergic blockade with a t r~p i n e .~.~" The fact that this diminution of parasympathetic tone brings out digitalis-induced vasoconstriction suggests a modulating role for the parasympathetic nervous system. Under alpha blockade by means of phenoxybenzamine, the atropinized dog failed to increase peripheral resistance in response to acetyl strophanthidin,"' indicating that digitalis-induced vasoconstriction is mediated by alpha receptors. Blockade of beta receptors by means of propranolol reduced, but did not prevent digitalis-induced vas~constriction,'~ suggesting a limited role for beta receptors in this effect of digitalis. It seems likely, then, that in the conscious state the potential rise in blood pressure after digitalis may be prevented or modulated by an increased parasympathetic tone. Anesthesia and cardiovascular disease-states associated with low cardiac output and presumably with decreased parasympathetic tone may facilitate digitalis-induced hypertension. A major role of the parasympathetic nervous system in digitalis-induced vasoconstriction is also evident from recent studies in decerebrate cats. l 7 Whereas ouabain failed to increase arterial pressure in control animals, a hypertensive effect was observed after section of carotid sinus and vagus nerves. In agreement with our studies, pretreatment with phenoxybenzamine or phentolamine reduced the pressor response. However, section of the spinal cord also reduced the pressor response, suggesting that a t least part of the pressor effect of ouabain is of central origin and transmitted via the sympathetic nervous system. A small residual pressor response to ouabain, observed in decapitated, spinal cord-pithed cats and not affected by alpha adrenergic blockade, was attributed to direct action of ouabain upon vascular smootli muscle.
T h e present case report indicates that the hypertensive effect of ouabain may reach a magnitude which has significant clinical implications. Cerebrovascular complications must be added to acute heart failure and pulmonary edema,ll.l? already reported as clinical complications of digitalis-induced systemic arterial hypertension.
It behooves the clinician to be aware of this effect and its possible complications, especially in regard to intravenous administration of digitalis glycosides to hypertensive patients. T h e prevention of digitalis-induced hypertension in the experimental animal by means of phenoxybenzaminel" suggests the possible clinical trial of alpha adrenergic blocking agents in the therapy of digitalisinduced hypertension of clinical significance. Contrast material in subarachnoid cisterns is from previous myelography.
R E~R E N C E S
sively involved both lungs over the next six weeks. The sputum cultures consistently showed Klebsiella and Proteus bacteria which were "sensitive" to many antibiotics, but he did not respond to therapy. A lung needle aspiration was performed in hopes of finding another organism. Under fluoroscopic control with the patient in the prone position, an 18 gauge 10 cm needle and stylet were inserted to an estimated depth of 3 to 4 cm into the superior segment of the left lower lobe. Upon insertion of the needle, the pati-mghed.
When the coughing subsided, the stylet was removed, a syringe was attached, and the needle was removed while continually aspirating. The patient coughed approximately 2 to 3 tablespoons of blood and was instructed to move his head to the side. He did not respond, and immediately urinated and defecated. His pulse was weak, and within a few seconds it was not palpable. External cardiac massage, assisted ventilation, and later defibrillation and resuscitative measures were all unsuccessful, and the patient was pronounced dead approximately 30 minutes later.
Roentgenograms of the skull were obtained immediately and showed air in the basilar artery and in numerous large and small branches of the middle cerebral arteries ( Fig 1 ) .
Postmortem examination revealed approximately 350 ml of bloody fluid in the left pleural cavity. There was extensive bilateral bronchopneumonia, and there was an old abscess cavity in the right lower lobe. There was a small puncture wound in the superior segment of the left lower lobe which was approximately 3 cm deep, and there appeared to be a communication between the puncture wound, a small peripheral bronchus, and a peripheral pulmonary vessel. There was some blood in the bronchi adjacent to the puncture. A frothy mixture of air and blood was present in the cardiac chambers, and numerous air bubbles were seen in the coronary arteries ( Fig 2 ) .
Histologic examination revealed lymphocytic infiltration of the lungs, liver, spleen,' kidneys, lymph nodes, adrenals, and bone marrow. Bronchopneumonia was present in the lungs, but cultures revealed only rare Enterobacter and Enterococci.
In a discussion of air embolism, it is important to CHEST, VOL. 63, NO. 1, JANUARY, 1973
